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@ Organic electroluminescence devices. 

@ An organic electroluminescence device comprising : a luminous layer containing a luminous material 
and a hole transport material, or a luminous layer containing a luminous material and a hole transport 
layer containing a hole transport material, between a pair of electrodes at least one of which is 
transparent or translucent characterized in that the hole transport material contains an aromatic amine 
selected from the group consisting of compounds represented by the formulae (1) to (4) 
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wherein each of Ar 1f Ar 2 . Ar 3 , Ar 4 , Ar 5 and Ar 6 independently represents an aromatic hydrocarbon ring 
^ group having six or more carbon atoms or an aromatically heterocyclic compound group having four or 
if> more carbon atoms, x represents an integer of 2 or more, and each of A,, A* A3, A*. A* Ac, A 7f Ae, A©, A 10 

and A t1 independently represents a group selected from the following formulae (5) to (13) (plural A^s 

may be the same or different) ; 
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wherein each of to R 7 , Rg to R n and R 13 to R 16 independently represents a member selected from the 
group consisting of C,-C 12 alkyl and alkoxy groups, Cg-C 14 aryl and aryfoxy groups, a nitro group and 
heterocyclic compound groups; when one benzene ring or pyridine ring has plural substituents, they 
are selected independently ; each of Re and R 12 independently represents a member selected from the 
group consisting of a hydrogen atom and C t -C 12 alkyl groups ; and a, b, c, d, e, f, g, h, i, j, k, I, m, n, o and 
p represent integers of 0 ^ a, b, g S 5, 0 § c, d, e, f, h J, k, m, o ( p s 4 and 0 £ j, I, n £ 3. 
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BACKGROUND OF THE INVENTION 
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wherein each of Ar lf Ar 2 , Ar 3i Ar 4l Ar 5 and Ar Q Independently represents an aromatic hydrocarbon ring group 
having six or more carbon atoms or an aromatically heterocyclic compound group having four or more carbon 
10 atoms, x represents an integer of 2 or more, and each of A 1( A 2 , A3, A4, A* A©, A 7t As, A©, A 10 and A n indepen- 
dently represents a group selected from the following formulae (5) to (1 3) (plural A^s may be the same or dif- 
ferent); 
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wherein each of R 1 to R 7 , R 9 to R-,, and R 13 to R 18 independently represents a member selected from the group 
consisting of C^-C^ alkyl and alkoxy groups, Cg-C 14 aryi and aryloxy groups, a nitro group and aromatically 
so heterocyclic compound groups; when one benzene ring or pyridine ring has plural substituents, they are se- 
lected independently; each of R$ and R 12 independently represents a member selected from the group con- 
sisting of a hydrogen atom and C r C 12 alkyl groups; and a, b, c, d, e, f f g, h, i, j, k, I, m, n, o and p represent 
integers ofOSa, b f gS5,0Sc, d, e, f, h, i, k, m, o, p ^ 4 and 0 £ J, I, n 5 3. 

55 PREFERRED EMBODIMENTS Of THE INVENTION 



In the present invention, as luminous materials for organic EL devices, known ones can be used without 
particular I imitation. For example, dyes such as naphthalene derivatives, anthracene derivatives, perylene der- 
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ivatlves, polymethin dy s,xanth n dyes, coumarin dyes, cyanin dyes, tern tal complexes f 8-hydroxy- 
quinolin and its derivatives, aromatic amines, tetraph nyicyclopentadien and its derivatives, tetraph nylbu- 
tadi ne and its d rivativ s and known compounds described in US Patent No. 4,539,507 ar mentioned. 
Furth r. flu rescent conjugated polym rs such as poly(p-ph nyl n vinyl ne) t poly(2 f 5-dih ptyloxy-p- 

s phenylenevinyiene), etc. having a short conjugated chain described in EP No. 0443861 als can b used. 

Using these luminous materials, the luminous layer can be formed by properly selecting known methods, 
for example, vacuum deposition methods and coating methods such as spin coating, casting, dipping, bar coat- 
ing and roll coating methods which use solutions of these luminous materials in solvents, according to the com- 
pounds used. When the luminous materials are not a high molecular compound, the vacuum deposition method 

10 is preferably used in carrying out fine control of film thickness. 

The hole transport material used in the present invention is selected from the foregoing aromatic amine 
compounds represented by the formulae (1), (2), (3) and (4). In the aromatic amine compounds represented 
by the formulae (1), each of Ar 1f Ar 2 and Ar 3 independently represents a group selected from the group con- 
sisting of aromatic hydrocarbon ring groups having six or more carbon atoms and aroma tically heterocyclic com- 

15 pound groups having four or more carbon atoms. The groups Ar^ Ar 2 and Ar 3 may be different from one another, 
but in terms of ease of synthesis, two or more of them are preferably the same, and all of them are more pre- 
ferably the same. The aromatic hydrocarbon ring groups having six or more carbon atoms that each of Ar 1t Ar 2 
and Ar 3 represents include those bonded at two positions of the skeleton such as benzene, bi phenyl, naphtha- 
lene or anthracene. More specifically, there aregrven 1,4-phenylene, 1 ,-3-phenylene, 1,2-phenyiene, 4,4'-bi- 

20 phenylene, 1,4-naphthalenediyl, 2,6-naphthalenediyl and 9,10-anthracenediyt. The aromatically heterocyclic 
compound groups having four or more carbon atoms include those bonded at two positions of the skeleton such 
as thiophene, pyridine or quinoline. More specifically, there are given 2,5-thienytene, 2,3-pyridinediyl, 2,4-pyr- 
idinediyl, 2,5-pyridinediyI, 2,3-quinolinediyl, 2,6-quinolinediyl and the like. Among these groups described 
above, from the standpoints of synthesis being easy and high-melting temperature compounds being given, 

25 1,4-phenylene, 4,4'~biphenylene, 2,6-naphthalenediyl, 9,10-anthracenediyl, 2.5-thienyiene, 2,5-pyridinediyl 
and 2,6-quinolinediyl are preferred, and 1,4-phenylene, 4,4'-biphenylene, 2,6-naphthalenediyl, 9,10-anthrace- 
nediyl and 2,5-pyridinediyl are more preferred. 

In the aromatic amine compounds represented by the formulae (2) and (3), each of Ar 4 and Ar 5 represents 
aromatic hydrocarbon groups having six or more carbon atoms or aromatically heterocyclic compound groups 

30 having five or more carbon atoms. The aromatic hydrocarbon groups having six or more carbon atoms include 
1,2,4-benzenetriyl, 1,3,5-benzenetriyi, 1,2,4-naphthalenetriyl, 1,3,5-naphthalenetriyt, 2,3,6-naphthaIenetriyl, 
3 f 5,4'-biphenyltriyl, 1,2,4,5- benzenetetrayl, 2,3,6,7-naphthalenetetrayl and 3,4,3\4'-biphenyltetrayI. The aro- 
matically heterocyclic compound groups having five or more carbon atoms include 2,4,6-pyridinetriyl and 2,4,6- 
pyrimidinetriyl. Among these, more preferred ones are 1,3,5-benzenetriyl, 1,3,5-naphthaIenetriyl, 2,3,6-naph- 

35 thalenetriyl, 3,5,4'-biphenyttriyl, 2,4,6-pyridinetriyl and 2,3,6,7 naphthalenetetrayl. In the aromatic amine com- 
pounds represented by the formulae (1), (2) and (3), A, to A t0 are a diphenylamino group, N-carbazolyl group, 
di-2-pyridylamino group, N-alkyl-N-phenylamino group, N-alkyl-N-2-pyridylamino group, N-pyrimido[3,4-b]in- 
dolyl group, N-pyrimido[4,5-b]indolyl group, N-pyrimido [2,3-b]indolyl group and N-phenothiazinyl group rep- 
resented by the formulae (5) to (1 3), respectively, as described above and derivatives of these groups in which 

40 the nucleus of each groups has been substituted with a Ci-C 12 alkyl or alkoxy group, CarC 14 aryl or aryloxy 
group, nitro group or aromatically heterocyclic compound group. Each of Re and R 12 independently represents 
a hydrogen atom or a C,-C 12 alkyl group. Of these groups, a diphenylamino, N-carbazolyl and di-2-pyridytamino 
groups and their derivatives having a good film-forming property are preferred. 

In the aromatic amine compounds represented by the formula (4), a group Ar 6 includes those having two 

45 or more {CH 2 - An) groups at the skeleton of benzene, naphthalene, anthracene, biphenyl, fluorene, phenan- 
threne, quinoline or quinoxaline. Of these, benzene and biphenyl are preferred in terms of ease of reaction. 
The An group is selected from the groups represented by the foregoing formulae (5) to (13). Specifically, there 
are given a diphenytaminomethyl group, N-carbazolylmethyl group, di-2-pyridylaminomethyl group, N-alkyl-N- 
phenylaminomethy! group, N-a!kyi-N-2-pyridylaminomethyl group, N-pyrimido[3,4-b]indoly!methyl group, N- 

so pyrimido [4,5-b]indoly!methyl group, N-pyrimido[2,3-b]indolyImethyl group, N-phenothiazinylmethyi group and 
derivatives of these groups in which the aromatic ring (nucleus) of each group has been substituted with aC r 
C 12 alkyl or alkoxy group, C 6 -C 14 aryl or aryloxy group, nitro group or aromatically heterocyclic compound group. 
Each of Re and R 12 is independently selected from the group consisting of a hydrogen atom and a CtC 12 alkyl 
groups. Of these groups, those having a good film-forming property, i.e. a diphenylaminomethyl group and its 

55 derivatives, di-2-pyridylaminomethyt group and its derivatives and N-alkyl-N-phenylaminomethyi group and its 
derivatives are preferred. Hereupon, the above C t -C 12 alkyl groups include for example a methyl, ethyl, butyl 
and octyl groups, etc., among which a methyl and ethyl groups are preferred. The Ci-C 12 alkoxy groups include 
a methoxy, ethoxy. butoxy and heptyloxy groups, etc., among which a methoxy and ethoxy groups are prefer- 
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red. Th aryl groups includ a phenyl group. 4-C r C e alkylph nyl group (this means a ph nyl group having a 
Gi-Ce alkyl group at the 4-positi n). 4-C r C$ alkoxyphenyt group (this means a ph nyl group having a Cj-Ce 
alkoxy group at th 4-positi n), 1-naphthal ne group and 2-naphtha! n group. Th aryl xy groups include a 
ph noxy group, 4-C t -C e alkylphenoxy group and 4-Ct-C e aikoxyph noxy group. The aromatically heterocyclic 
compound group Includes a 2-thienyi, 2-pyridyl, 3-pyrfdyt and 4-pyridyl groups. And, alkyl groups in the N-alkyl- 
N-phenyiamino groups and N-alkyt-N-2-pyridylamino group represented by the formulae (8) and (10), respec- 
tively, represents <VC 12 alkyl groups, among which a methyl and ethyl groups are preferred. 

In the above formula (4), there Is no particular limitation to the number of aminomethyl substituents except 
that it is two or more. Usually, however, from the standpoint of ease of synthesis, the number of the aminomethyl 
substituents on the benzene ring is preferably 2 to 4, and that of the same substituents on the biphenyl group 
and condensed poly cyclic compounds such as a naphthalene ring and an anthracene ring is preferably 2 to 6, 
particularly preferably 2 to 4. 

Specifically, there are given amine compounds described below: 
Compounds represented by the formulae (Bj) to (B, 6 ), 
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or a group represented by the formula (D6), 
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V 



B 



(I> 6 ) 



wherein Ra or Ra are the same or different and are selected from, for example, methyl, ethyl, phenyl, 2-me- 
thylphenyl, 3-methylphenyl, 4-methyt phenyl, 2-ethylphenyl f 3-ethylphenyl, 4-ethylphenyl, 4-tert-butylphenyl, 4- 
methoxy phenyl, 4-ethoxyphenyl, 2-nitrophenyl, 4-(phenyl)phenyl, 4-<2-thienyl)phenyl, 4-{4' methyl phenyt) phe- 
nyl, 2-thienyl and 2-pyridyl, but Ra is neither methyl nor ethyl when Re is methyl or ethyl. Specific examples of 
combinations of Ra and Re in the formula (D 6 ) are listed in Table 1. 
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Table 1 



-R A - R B 



Phenyl 

2 -Methyl phenyl 

3 - Me thy lpheny 1 

4 - Methyl phenyl 

2- Ethylphenyl 

3- Ethylphenyl 

4- Ethylphenyl 

4 -Tert-buty lpheny 1 

4 -Me thoxypheny 1 

4-Ethoxyphenyl 

2-Nitrophenyl 

4 - ( Phenyl ) phenyl 

4 - ( 2-Thienyl ) phenyl 

4 - ( 4 ♦ -Kethylphenyl ) phenyl 

2-Thienyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 



Phenyl 

2- Methylphenyl 

3 - Me thy lpheny 1 
4 -Me thy lpheny 1 

2- Ethylphenyl 

3- Ethylphenyl 

4 - E thy lpheny 1 
4-Tert-butylphenyl 
4 -Me thoxypheny 1 
4-Ethoxyphenyl 
2-Nitrophenyl 

4 - ( Phenyl ) phenyl 

4- ( 2-Thienyl ) phenyl 

4- ( 4 ' -Methy lpheny 1 ) phenyl 

2-Thienyl 

Methyl 

Ethyl 

2 - Me thy lpheny 1 

3- Methylphenyl 

4 - Methy lpheny 1 
2-Ethylphenyl 
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Phenyl 


3-Ethylphenyl 


Phenyl 


4 -Ethylphenyl 


Phenyl 


4 -Tert-buty Iphenyl 


Phenyl 


4 -Me thoxypheny 1 


Phenyl 


4 -Ethoxyphenyl 


Phenyl 


2 -Ni t rophenyl 


Phenyl 


2-Pyridyl 


Phenyl 


4 - ( Phenyl ) phenyl 


Phenyl 


4 - ( 2-Thienyl ) phenyl 


Phenyl 


4 - ( 4 ' -Methy Iphenyl ) phenyl 


Phenyl 


2-Thienyl 


Methyl 


2 -Me thy Iphenyl 


Methyl 


3 -Me thy Iphenyl 


Methyl 


4 -Methy Iphenyl 


Methyl 


2 -Ethylphenyl 


Methyl 


3-Ethylphenyl 


Methyl 


4 -Ethylphenyl 


Methyl 


4 -Tert-buty Iphenyl 


Methyl 


4 -Me thoxypheny 1 


Methyl 


4 - Ethoxyphenyl 


Methyl 


2 -Ni tropheny 1 


Methyl 


2-Pyridyl 


Methyl 


4 - ( Phenyl ) phenyl 


Methyl 


4 - ( 2 -Thienyl ) phenyl 


Methyl 


4- ( 4 ' -Methy Iphenyl ) phenyl 


Methyl 


2-Thienyl 


Ethyl 


2 -Methy Iphenyl 


Ethyl 


3 -Me thy Iphenyl 
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Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

Ethyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 

2-Pyridyl 



4 -Methylphenyl 

2 - Ethylphenyl 

3 - Ethylphenyl 
4 -Ethylphenyl 

. 4-Tert-butylphenyl 
4 -Methoxypheny 1 
4 - E thoxypheny 1 
2-nitrophenyl 
2-Pyridyl 
4- ( Phenyl ) phenyl 
4- ( 2-Thienyl ) phenyl 
4 - ( 4 ' -methylphenyl ) phenyl 
2-Thienyl 

2- Pyridyl 

2 -Methylphenyl 

3 - Methylphenyl 

4 -Methylphenyl 

2 - Ethylphenyl 

3 - Ethylphenyl 

4 - Ethylphenyl 

4 -Tert-butylphenyl 

4 -Methoxypheny 1 

4 - E thoxypheny 1 

2 -Nitropheny 1 

4 - ( Phenyl ) phenyl 

4- ( 2-Thienyl ) phenyl 

4 - ( 4 ' -Methylphenyl ) phenyl 

2-Thienyl 



Further, there are given aromatic amines having a methyieneamine group represented by the formulae 
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(B 16 )t (B33). 




12 



EP0517 542A1 




wherein A represents one of the groups represented by the foregoing formulae (D^ to (D 5 ) or the group rep- 
resented by the foregoing formula (D e ), combination of R A and Re in ( D e) being specifically given in Table 1. 
There is no particular limitation to a synthetic method for the aroamtic amine compounds represented by 

30 the foregoing formulae (1), (2) and (3). Synthetic methods for these compounds will be shown below. Among 
the compounds represented by the formula (1), N,N ( N-triphenytamine derivatives can be synthesized by adding 
Kl, KI0 3 and acetic acid to triphenylamine to substitute iodine for hydrogen of the phenyl rings and reacting 
the resulting iodine-substituted product with the corresponding secondary amine compound and carbazole der- 
ivative. Among the compounds represented by the formula (2), 1,3,5-tris(diphenylamino)benzene derivatives 

35 can be synthesized by reacting 1,3,5-triiodobenzene with the corresponding secondary amine compound and 
carbazole derivative. Among the compounds represented by the formula (3), 3,4,3',4'-tetra(diphenyfamino)bi- 
phenyl derivatives can be synthesized by reacting 3,4,3',4'-tetraiodobiphenyl with the corresponding secondary 
amine compound and carbazole derivative. Other compounds can likewise be synthesized by making use of 
these reactions. 

40 There is also no particular limitation to a synthetic method for the aromatic amine compounds represented 

by the formula (4), it being possible to make use of the known methods, for example, they can be synthesized 
by reacting an aromatic compound or its derivative having a halogenomethyl substituent at the predetermined 
position with the corresponding secondary amine compound or carbazole derivative. 

When these compound are used as the hole transport layer of organic EL devices, it is desirable to purify 

45 them by reprecipitation, sublimation, etc. after synthesis because thenr purity affects the emission efficiency. 

The hole transport layer containing the above aromatic amine compound can be formed by known methods, 
for example, vacuum deposition methods and coating methods such as spin coating, casting, dipping, bar coat- 
ing and roll coating methods in which use solutions of the aromatic amine compounds are used. When the thin 
film of the layer is formed by the coating methods, it is desirable to apply heat-treatment at a temperature of 

so 30° to 200°C ( preferably 60° to 1 00°C under reduced pressure or in an inert gas atmosphere in order to remove 
the solvent from the stand-point of carrying out fine control of the film thickness, to use the vacuum evaporation 
method is desirable. In producing the hole transport layer, the above aromatic amine compounds can be used 
alone or in mixture of two or more of them. 

As far as the objects of the present invention are achieved, a mixture of the above hole transport aromatic 

55 amine compound and the known hole transport compound may be used for the hole transport layer of the pres- 
ent invention. In this case, in order to make the formed hole transport layer thermally stable, the content of the 
above aromatic amine compound is usually 1 wt.% or more, preferably 10 wt% or more, more preferably 30 
wt.% or more based on the known hole transport compound. 
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The known hole transport compound is n t critical, but there are given for example triphenyldiamine der- 
ivatives, oxadiazole d rivatfves, pyrazoline derivatives, arylamine derivatives, sulben derivatives and the lik . 
Specifically, there are given those describ d, for example, in US pat nt N . 4,539,507. 

Since th thickness of the hoi transport lay r depends also up n th kind of the compounds used, it will 
suffice to properly determine the thickness taking that into account so as not to disturb sufficient development 
of the film-forming property and emission efficiency. 

In the present invention, it is also included in the scope of the present invention to use a layer in which the 
hole transport aromatic amine compound has been dispersed in a known polymer. Such the polymers are not 
critical, but those which do not disturb the hole transport property to an extreme are preferred, for example, 
there are given pdy(N-vinylcarbazole), polyaniline and its derivatives, poJythrophene and its derivatives, poly(p- 
phenylenevinylene) and its derivatives, poIy(2,5-thienylenevinylene) and its derivatives, polycarbonate, poly- 
siloxane, vinyl polymers such as polymethyl acrytate, polymethyl methacrylate, polystyrene and polyvinyl chlor- 
ide, and polyethersuifone and the like. 

Hereupon, the above poly(N-vinylcarbazole), polyaniline and its derivatives, polythtophene and its deriv- 
atives, poly(p-phenylenevinyiene) and its derivatives and poly(2,5-thienylenevinytene) and its derivatives act 
also as the hole transport compound. 

The layer of mixture of the polymer and the aromatic amine compound can be formed by mixing the polymer 
and the compound in a solution state or molten state to disperse the compound in the polymer and then applying 
the above coating methods. In this case, there is no particular limitation to the amount of the aromatic amine 
compound to be mixed with the polymer, but it is usually 1 to 200 parts by weight, preferably 10 to 100 parts 
by weight based on 100 parts by weight of the polymer. 

When the polymeric precursors of poly(p-phenylenevinyfene) and its derivatives and poly(2,5- 
thienylenevinytene) and its derivatives are used, the precursor and the aromatic amine compound are mixed 
in a solution state, and the mixture is heat-treated at a temperature of 30° to 300°C f preferably 60° to 200°C 
in an inert gas atmosphere to convert the precursor to the polymer. 

In the present invention, it is also possible to use a layer in which the hole transport aromatic amine com- 
pound and the luminous material have been dispersed in a known polymer. 

The mixing ratio of the luminous material and hole transport material is not critical, but preferably it is in 
the range of 0.1:100 to 3:1 (weight ratio). The mixing ratio of the polymer and the sum of these materials also 
is not critical, but preferably it is in the range of 100:0.01 to 1:3 (weight ratio). 

In this case, the polymer preferably used is those which are described above and have not a strong ab- 
sorption to visible lights. Specifically, there are given poly(N-vinyicarbazole), polythiophene and its derivatives, 
poty(p-phenylenevinylene) and its derivatives, poIy(2,5-thienyleneviny!ene) and its derivatives, polycarbonate, 
polymethyl acryiate, polymethyl methacrylate, polystyrene, polyvinyl chloride, polysiloxane and the like, for 
forming the mixture layer, the same coating methods as described above can be employed. These layers thus 
formed may be used alone, but if necessary, may be used In combination with layers of other hole transport 
or electron transport materials. 

The structure of the organic EL device of the present invention will be illustrated below. The structure of 
the device, in addition to ones described hereinbefore, i.e. anode/hole transport layer/luminous layer/cathode 
(symbol 7" means laying layers one upon another) and anode/hole transport-luminous layer/cathode, may take 
a combined structure having an electro-conductive polymer layer (as a buffer layer) between the anode and 
hole transport layer and a combined structure having an electron transport layer between the luminous layer 
and cathode, further, the structure of the device may also take a structure of anode/electro-conductive polymer 
layer/hole transport layer/luminous layer/electron transport layer/cathode. In some cases, it is also possible to 
form the respective hole transport layers of different hole transport materials and properly lay these layers one 
upon another, or properly lay the luminous layers) and hole transport layer(s) in two or more layers one upon 
another. Thus, modification is possible within the scope of the present invention. 

A method for producing the organic EL device will be illustrated with reference to the structure of anode/hole 
transport layer/luminous layer/cathode. 

A transparent or translucent electrodes is formed on a transparent substrate such as glass, transparent 
plastics and the like, and used as an anode. A material for the electrode used includes electro-conductive metal 
oxide films, translucent metallic thin films and the like. Specifically, indium tin oxide (ITO), tin oxide (NESA), 
Au, Pt, Ag, Cu, etc. are used, for producing the electrode, methods such as vacuum deposition, sputtering, plat- 
ing and the like are used. 

Next, the foregoing hole transport layer is formed, and its thickness is 0.5 nm to 10 urn, preferably 1 nm 
to 1 um. A thickness ranging from 2 to 200 nm is preferred in order to raise the luminance of emitted light by 
increasing current density. 

Next, the luminous layer is formed on th hole transport layer, and its thickness needs to be such a on 
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as g Derating at least n pin holes. A too larg thickness, however, Is not preferred because It increases the 
resistance of th d vicet make a high driving v Itage necessary. Consequ ntiy, the thickness of the luminous 
layer is 0.5 nm to 10 jim, pref rably 1 nm to 1 um, m re preferably 5 to 200 nm. 

This rang of thickn ss is als pref rred for the mixture lay r of the hoi transport material and luminous 
5 material. 

Next, an electrode is formed on the luminous layer, as an electron-injecting cathode. Materials for the elec- 
trode are not critical, but materials of low work function are preferred, for example, Al, In, Mg, Mg/Ag alloy, Mg/ln 
alloy, graphite thin film and the like are used, for producing the cathode, known methods such as vacuum de- 
position, sputtering and the like are used. 
10 The organic EL device of the present invention can be produced by the method described above, but ones 

having other structures also can be produced by the similar method. 

The aromatic amine compounds used as the hole transport material in the present invention have relatively 
high melting point and decomposition temperature, so that they are thermally stable. 

The organic EL device with the hole transport material of the present invention, as compared with the con- 
15 ventional ones, has improved thermal stability and shows excellent emission characteristics, so that it can pre- 
ferably be used in flat light sources as back light and display devices (e.g. flat panel display) and the like. 

The present invention will be illustrated specifically with reference to the following examples, which are not 
however to be interpreted as limiting the invention thereto. 

20 Example 1 

On a glass substrate, to which an ITO film of 20 nm in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing 4,4 r t 4"-tris(dipheny1amino)triphenylamtne (hereinafter re- 
ferred to as TDATA) in a thickness of 50 nm under a vacuum of 3 x 10- 6 Ton*. Thereafter, a luminous layer was 
25 formed thereon by vacuum-depositing tris(8-quinolinol)aluminum (hereinafter referred to as Alq 3 ) in a thickness 
of 80 nm, and then a cathode was further formed thereon by vacuum-depositing indium in a thickness of 600 
nm. Thus, the organic EL device was produced. All the pressures at the time of vacuum deposition were 3 x 
1 0r 6 Ton* or less. 

On applying a voltage of 25 V to this device, a current density of 208 mA/cm 2 and emission of green EL 
.30 having a luminance of 210 cd/m 2 were observed. The luminance was directly proportional to the current density. 

This device was put in a constant-temperature vessel, and a change in EL was observed while raising the 
temperature of the vessel. The device with TDATA as hole transport material continued to emit light even at a 
temperature over 100°C with its reduction in luminance being gently suppressed. 

35 Example 2 

On a glass substrate, to which an ITO film of 40 nm in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing TDATA in a thickness of 40 nm under a vacuum of 3 x 
10- 6 Torr. Thereafter, a luminous layer was formed thereon by vacuum-depositing Alq 3 in a thickness of 40 nm, 

40 and then a cathode was further formed thereon by vacuum-depositing a Mg/Ag ally (weight ratio, Mg : Ag = 
10 : 1) in a thickness of 200 nm. Thus, the organic EL device was produced. All the pressures at the time of 
vacuum deposition were 4x10-° Torr or less. On applying a voltage of 11 V to this device, a current density 
of 295 mA/cm 2 and emission of green EL having a luminance of 820 cd/m 2 were observed. The luminance was 
directly proportional to the current density. On observing electroluminescence while heating this device in va- 

45 cuum, emission of light having a luminance of 12 cd/m 2 was observed even at 130°C. 

Example 3 

On a glass substrate, to which an ITO film of 20 nm in thickness was previously applied by sputtering, was 
so formed a hole transport layer in a thickness of 50 nm by spin coating of an N.N-dimethylfbrmamlde solution 
containing 0.5 wL% of a mixture comprising the same weights of TDATA and polyanOine and then drying under 
reduced pressure. Thereafter, a luminous layer was formed thereon by vacuum-depositing Alq 3 in a thickness 
of 80 nm, and then a cathode was further formed thereon by vacuum-depositing indium in a thickness of 600 
nm. Thus, the organic EL device was produced. Vacuum deposition was continuously carried out without break- 
55 ing vacuum. All the pressures at the time of vacuum deposition were 3 x 10-* Torr or less. On applying a voltage 
of 25 V to this device, a current density of 90 mA/cm 2 and emission of green EL having a luminance of 98 cd/m 2 
were observed. The luminance was directly proportional to the current density. This device was put in a con- 
stant-temperature vessel, and a change in EL was observed while raising the temperature of the vessel. The 
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d vies with TDATA as charge transport material continued to emit light ev n at a temperature ver 1 00°C with 
its reduction in luminance b ing g ntiy suppress d. 

Example 4 

A chloroform solution containing 0.5 wL% of a mixture comprising TDATA, Alq 3 and polycarbonate in a 
weight ratio of 1.75 : 1.25 : 7 was prepared. On a glass substrate, to which an ITO film of 20 nm in thickness 
was previously applied by sputtering, a fflm was formed in a thickness of 170 nm by spin coating of the above 
solution and then drying under reduced pressure. Thereafter, a cathode was formed thereon by vacuum-de- 
positing indium in a thickness of 600 nm to produce an organic EL device. Vacuum deposition was continuously 
carried out under reduced pressure without breaking vacuum. All the pressures at the time of vacuum deposition 
were 3 x Torr or less. On applying a voltage of 52 V to this device, a current density of 31 mA/cm 2 and 
emission of green EL having a luminance of 2 cd/m 2 were observed. The luminance was directly proportional 
to the current density. 

This device was put in a constant-temperature vessel, and a change in EL was observed while raising the 
temperature of the vessel. The device with TDATA as hole transport material continued to emit light even at a 
temperature over 100°C with its reduction in luminance being gently suppressed. 

Example 5 

On a glass substrate, to which an ITO film of 20 nm in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing TDATA in a thickness of 50 nm. Thereafter, a luminous 
layer was formed thereon by co-vacuum-depositing Alq 3 and 4-dicyanomethylene-6-(p-dimethylaminostyryl)- 
2-methyl-4H-pirane (hereinafter referred to as DCM) in a weight ratio of about 20 : 1 in a thickness of 40 nm, 
and then a cathode was further formed thereon by vacuum-depositing a Mg/Ag alloy (weight ratio, Mg : Ag = 
10 : 1) in a thickness of 200 nm. Thus, the organic EL device was produced. All the pressures at the time of 
vacuum deposition were 3 x 10- 6 Torr or less. 

On applying a voltage of 1 3 V to this device, a current density of 1 20 mA/cm 2 and emission of red EL having 
a lumiannce of 32 cd/m 2 were observed. The EL spectrum agreed with the fluorescent spectrum of DCM. The 
luminance was directly proportional to the current density. 

This device was put in a constant-temperature vessel, and a change in EL was observed while raising the 
temperature of the vessel. The device with TDATA as hole transport material continued to emit light even at a 
temperature over 100°C with its reduction in luminance being gently suppressed. 

Example 6 

On a glass substrate, to which an ITO film of 40 nm in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing TDATA in a thickness of 50 nm under a vacuum of 3 x 
lO-^Torr. Thereafter, a luminous layer comprising 1,1,4,4-tetraphenyl-1,3-butadiene (hereinafter referred to 
as TPB), an electron transport layer comprising Alq 3 and a cathode comprising a Mg/Ag alloy (weight ratio, Mg : 
Ag = 10 : 1) were vacuum-deposited one upon another on the above hole transport layer in thickness of 20 
nm, 40 nm and 200 nm, respectively. Thus, the organic EL device was produced. All the pressures at the time 
of vacuum deposition were 3 x 10-« Torr or less. 

On applying a voltage of 14.2 V to this device, a current density of 176 mA/cm 2 and emission of blue EL 
having a luminance of 89 cd/m 2 were observed. The EL spectrum agreed with the fluorescent spectrum of TPB. 
The luminance was directly proportional to the current density. 

This device was put in a constant-temperature vessel, and a change in EL was observed while raising the 
temperature of the vessel. The device with TDATA as hole transport material continued to emit light even at a 
temperature over 100°C with its reduction in luminance being gently suppressed. 

Example 7 

On a glass substrate, to which an ITO film of 40 nm In thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing 4,4',4 ,r -tris(N-carbazolyl)triphenylamine in a thickness of 
40 nm. Thereafter, a luminous layer was formed thereon by vacuum-depositing Alq 3 in a thickness of 40 nm, 
and then a cathode was further formed thereon by vacuum-depositing a Mg/Ag alloy (weight ratio, Mg : Ag = 
10 : 1) in a thickness of 200 nm. Thus, the organic EL device was produced. All the pressures at the time of 
vacuum deposition were 4 x lOr 6 Torr or less. 
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On applying a voltag of 15 V to this d vice, a current density f 125 mA/cm 2 and emission of green EL 
having a luminance f 136 cd/m 2 were observed. The luminance was directly proporti naltoth current d nsity. 

This d vice was put in a constant-temperature vessel, and a chang in EL was observed while raising the 
temperature of the vessel. Th device with 4,4\4"-tris(N-carbazolyl)triphenylamine as hoi transport material 
5 continued to mrt tight even at 1 30°C. 

Example 8 

On a glass substrate, to which an ITO film of 40 nm in thickness was previously applied by sputtering, was 
10 formed a hole transport layer by vacuum-depositing 4,4\4 w -tris(di-2-pyridyiamino)triphenylamine in a thickness 
of 40 nm. Thereafter, a luminous layer was formed thereon by vacuum-depositing Alq 3 in a thickness of 40 nm, 
and then a cathode was further formed thereon by vacuum-depositing a Mg/Ag ally (weight ratio, Mg : Ag = 
10 : 1) in a thickness of 200 nm. Thus, the organic EL device was produced. All the pressures at the time of 
vacuum deposition were 4x10-° Torr or less. 
15 On applying a voltage of 1 8 V to this device, a current density of 1 9.4 mA/cm 2 and emission of green EL 

having a luminance of 1 52 cd/m 2 were observed. The luminance was directly proportional to the current density. 

On applying voltage to this device in vacuum with heating, emission of EL having a luminance of 44 cd/m 2 
was observed even at 130°C. 

20 Example 9 

On a glass substrate, to which an ITO film of 20 nm in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing 1 t 4-bis(N,N-dipheny!aminomethyl)benzene in a thickness 
of 92 nm under a vacuum of 3 x 10-* Torr. Thereafter, a luminous layer was formed thereon by vacuum-de- 

25 positing Alq 3 in a thickness of 100 nm, and then a cathode was further formed thereon by vacuum-depositing 
indium in a thickness of 600 nm. Thus, the organic EL device was produced. Ail the pressures at the time of 
vacuum deposition were 3x10-° torr or less. 

On applying a voltage of 30 V to this device, a current density of 79 mA/cm 2 and emission of green EL 
having a luminance of 42 cd/m 2 were observed. The luminance was directly proportional to the current density. 

30 This device was heated to 80°C in vacuum, and the fluorescent spectrum of the heated device was meas- 

ured with a fluorospectrophotometer (fluorospectrophotometer Model 850 produced by Hitachi Ltd.). However, 
a large change in the peak intensity of the fluorescent spectrum was not observed. The melting point of 1,4- 
bis(N,N-diphenyiaminomethyi)benzene was measured with SSC5020 Thermal Analysis System (produced by 
Seiko Instruments Inc.) to frnd that it was 176°C. 

35 

Example 10 

On a glass substrate, to which an ITO film of 20 m in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing 1,2,4,5-tetrakis(N-methyl-N-phenylaminomethyt)benzene 
40 in a thickness of 99 nm under a vacuum of 3 x 1 0r 6 Torr. Thereafter, a luminous layer was formed thereon by 
vacuum-depositing Alq 3 in a thickness of 100 nm, and then a cathode was further formed thereon by vacuum- 
depositing indium in a thickness of 600 nm. Thus, the organic EL device was produced. All the pressures at 
the time of vacuum deposition were 3x10-* Torr or less. 

On applying a voltage of 32 V to this device, a current density of 20 mA/cm 2 and emission of green EL 
45 having a luminance of 35 cd/m 2 were observed. The luminance was directly proportional to the current density. 

On applying voltage to this device in vacuum with heating, emission of EL having a luminance of 5 cd/m 2 
was observed even at 100°C. This device was heated to 80°C in vacuum in the same manner as in Example 
9, but a large change in the fluorescent spectrum was not observed. The melting point of 1 ,2,4,5-tetrakis(N- 
methyl-N-phenylaminomethyl)benzene was measured in the same manner as in Example 9 to find that it was 
so 199°C. 

Example 1 1 

On a glass substrate, to which an ITO film of 20 nm in thickness was previously applied by sputtering, was 
55 formed a hole transport layer by vacuum-depositing 4,4'-bis(N,N-diphenylaminomethyl)biphenyl in a thickness 
of 60 nm under a vacuum of 3 x 10-« Torr. Thereafter, a luminous layer was formed thereon by vacuum-de- 
positing AIq 3 in a thickness of 40 nm, and then a cathode was further formed thereon by vacuum-depositing 
indium in a thickness of 600 nm. Thus, the organic EL device was produced. All the pressures at the time of 
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vacuum d posit! n were 3x10-* Torr or I ss. 

On applying a voitag of 30 V to this d vice, a current density of 3.6 mA/cm 2 and emission of green EL 
having a luminance of 1 1 .7 cd/m 2 were bserved. The lumlnanc was directly proportional to th current density. 

On applying voltage to this device in vacuum with heating, mission of EL having a luminance of 5 cd/m 2 
5 was observed even at 1 00°C. This device was heated to 80°C in vacuum in the same manner as in Example 
9, but a large change in the fluorescent spectrum was not observed. The melting point of 4,4'-bis(N,N-diphe- 
nytaminomethyl)bipheny! was measured in the same manner as in Example 9 to find that it was 232°C. The 
above results show that this organic EL device has a good thermal stability. 

10 Example 12 

On a glass substrate, to which an ITO film of 20 nm in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing l^^tristN.N-diphenylaminometh^benzene in a thick- 
ness of 60 nm under a vacuum of 3 x 10- 6 Torr. Thereafter, a luminous layer was formed thereon by vacuum- 
15 depositing Alq 3 in a thickness of 40 nm, and then a cathdoe was further formed thereon by vacuum-depositing 
indium in a thickness of 600 nm. Thus, the organic EL device was produced. All the pressures at the time of 
vacuum deposition were 3x10^ Torr or less. 

On applying a voltage of 43 V to this device, a current density of 1 .2 mA/cm 2 and emission of green EL 
having a luminance of 25 cd/m 2 were observed. The luminance was directly proportional to the current density. 
20 On applying voltage to this device in vacuum with heating, emission of EL having as luminance of 28 cd/m 2 

was observed even at 80°C. This device was heated to 80°C in vacuum in the same manner as in Example 9, 
but a large change in the fluorescent spectrum was not observed. 

Comparative Example 1 

25 

On a glass substrate, to which an ITO film of 20 nm in thickness was previously applied by sputtering, was 
formed a hole transport layer by vacuum-depositing 4,4'-bis[N-(3-methylphenyl}-N-phenylamino]biphenyl 
(hereinafter referred to as TPD) in a thickness of 50 nm under a vacuum of 3 x 1 0^ 6 Torr. Thereafter, a luminous 
layer was formed thereon by vacuum-depositing AI<b in a thickness of 80 nm, and then a cathode was further 

30 formed thereon by vacuum-depositing indium in a thickness of 600 nm. Thus, the organic EL device was pro- 
duced. Vacuum deposition on every layer was continuously carried out under reduced pressure without break- 
ing vacuum. All the pressures at the time of vacuum deposition were 3 x 10- 6 Torr or less. 

On applying voltage to this device in vacuum with heating, emission of EL became very weak at 80°C, and 
there was no emission at all at 100°C. 

35 After this device was heated to 60°C in vacuum, its fluorescent spectrum was measured in the same manner 

as in Example 9 to find that the intensity of the spectrum showed a great change as compared with that of the 
fluorescent spectrum at room temperature. The melting point of TPD was measured in the same manner as in 
Example 9 to find that it was 1 69°C. 

40 Comparative Example 2 

The organic EL device was produced in the same manner as in Example 8 except that TPD was used in 
place of 4.4'-4*-tris(di-2-pyridylamino)triphenylamine. 

On applying voltage to this device in vacuum with heating, emission of EL became very weak at 80°C, and 
45 there was no emission at all at 100°C. 

After this device was heated to 60°C in vacuum, its fluorescent spectrum was measured in the same manner 
as in Example 9 to find that the strength of the spectrum showed a great change as compared with that of the 
fluorescent spectrum at room temperature. 

so 

Claims 

1. An organic electroluminescence device comprising either 

(a) a luminous layer containing a luminous material and an hole transport material, or 
55 (b) a luminous layer containing a luminous material and a hole transport layer containing a hole transport 

material, 

between a pair of electrodes at least one of which is transparent or translucent, wherein the hole transport 
material contains an aromatic amine of formula (1), (2), (3) or (4): 
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wherein the groups Ar' f Ar 2 , Ar 3 , Ar 4 * Ar? and Ar* are inde pendentiy selected num aromauc hydrocarbon 
groups having six or more carbon atoms and aromatic heterocyclic groups having four or more carbon 
atoms, x in formula (4) is an integer of 2 or more and the groups (CHr-An) are the same or different, and 
the groups A 1 , A 2 , A 3 , A 4 , A 6 , A 6 , A 7 , A 8 , A* A 10 and A 11 , are independently selected from the groups of 
formulae (5) to (13): 
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wh rein each of R 1 to FJ, R» to R" and R 13 to R 1 « is Independently selected from 0,-0,2 alkyl and alkoxy 
groups, C<rC 14 aryl and aryfoxy groups, nitro and aromatic h t rocyclic groups, R 8 and R 12 are ach hy- 
drogen r C t -C 12 alkyl and a, b, c, d, e, f, g, h, i, J, k. 1 f m, n, o and p are integers of0£a,b,g£5, 0£ 
c, d, , f, h, i, k, m, o, p s 4 and 0 s J, U^3. 

A device according to claim 1 comprising a luminous layer and a hole transport layer wherein the hole 
transport layer is composed of a mixture of the aromatic amine compound and a polymer. 

A device according to claim 2, wherein the hole transport layer comprises 1 to 200 parts by weight of the 
aromatic amine compound per 100 parts by weight of the polymer. 

A device according to claim 1 (a) comprising a luminous material and a hole transport material dispersed 
in a polymer. 

A device according to claim 4 wherein the weight ratio of the luminous material to the hole transport ma- 
terial in the luminous layer is in the range of 0.1:100 to 3:1. 

A device according to claim 4 or claim 5 wherein the weight ratio of the polymer to the sum of the luminous 
material and hole transport material is in the range of 100:0.01 to 1 :3. 

A device according to any one of claims 2 to 6, wherein the polymer is selected from polymers of N-vinyl- 
carbazole, aniline and its derivatives, thiophene and its derivatives and p-phenylenevinylene and its der- 
ivatives, polycarbonates, polys floxanes, vinyl polymers and polyethersuifbnes. 

A device according to any one of claims 1 to 7 wherein the hole transport material is selected from the 
compounds of formulae (B 1 ) to (B 16 ): 
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wherein R A and R B are the same or different and each is methyl, ethyl, phenyl, 2-methylphenyl, 3-methyl- 
phenyl, 4-methyi phenyl, 2-ethylphenyl, 3-ethyl phenyl, 4-ethyl phenyl, 4-tert-butytphenyl, 4-methoxyphe- 
nyl, 4-ethoxy phenyl, 2-nitrophenyl, 4-(phenyl)phenyl, 4-{2-thienyl)phenyl ( 4-(4'-methylphenyl)phenyl, 2- 
thienyl or 2-pyridyi provided that R A is not methyl or ethyl when R B Is methyl or ethyl. 

A device according to claim 8 wherein the hole transport material is a compound of formula (B 1 ) wherein 
A is a group selected from the groups of formulae (D 1 ) to (D 5 ) and groups of formula (D 6 ) wherein R A is 
phenyl, 2-methylphenyI, 3-methylphenyl, 4-methylphenyt, 2-ethyl phenyl, 3-ethylphenyl, 4-ethyl phenyl, 4- 
tert-butylphenyl, 4-methoxyphenyl, 4-ethoxyphenyl, 2-nitrophenyl, 4-(phenyl)phenyl, 4-(2-thienyl)phenyl, 
4-(4'-methylphenyl)phenyt, 2-thienyl or2-pyridyl, and R B is 4-tert-butyf phenyl, 4-methoxyphenyl, 4-ethox- 
y phenyl, 2-nitrophenyl, 4-(phenyl)phenyt f 4-(2-thienyl)phenyl, 4-(4'-rnethyl phenyl) phenyl, 2-thienyi or 2- 
pyridyl. 

A device according to any one of claims 1 to 7 wherein the hole transport material is selected from the 
compounds of formulae (B 16 ) to (B 33 ): 
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wherein in each case the groups A are the same or different and each group A is selected from the groups 
of formulae (D 1 ) to (D°). 




wherein R A or R B are the same of different and each is methyl, ethyl, phenyl, 2-methyl phenyl, 3-methyl- 
phenyi, 4-methytphenyl, 2-ethyiphenyl, 3-ethyfphenyl, 4-ethyl phenyl, 4-tert-butyIphenyt, 4-methoxyphe- 
nyl, 4-ethoxyphenyl, 2-nitrophenyl, 4-(phenyl)-phenyl, 4-(2-thienyl)phenyl, 4-(4'-methylphenyl)phenyl, 2- 
thienyl or 2-pyridyl provided R A is not methyl or ethyl when R B is methyl or ethyl. 
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